Background In Western populations, informal child care is associated with childhood obesity. However, informal child care and obesity share social patterning making evidence from other settings valuable.
Introduction
Childhood obesity has increased dramatically in developing and developed countries. 1 Unhealthy diet and physical inactivity are two major risk factors for childhood obesity. 1 Caregivers may influence children's diet and physical activity making child care, defined as parental, informal (grandparents, other family, friends, or others) or formal (child care centre or nursery), a potentially important, modifiable factor in childhood obesity. In developed Western countries, one cross-sectional study 2 and three prospective cohort studies [3] [4] [5] have found informal rather than parental child care during infancy or early childhood to be associated with obesity, whereas associations were less clear for formal child care. 2, [5] [6] [7] It has also been suggested that the association of informal child care with obesity may be limited to more advantaged socio-economic groups. 5 In Western populations, both child care and childhood obesity are socially patterned, such that low socio-economic position (SEP) is associated with both informal child care [7] [8] [9] [10] and childhood obesity. 11, 12 However, in a non-Western population (Japan), non-maternal care was not associated with obesity in young children, 13, 14 but informal care was not distinguished from formal care. Examination of this question in another developed setting with a different social patterning of informal child care and childhood obesity can clarify whether the observed associations are socially confounded or are an attribute of informal child care where intervention could be justified. Moreover, it is not known whether it is the current exposure to informal child care that matters, the cumulative exposure or whether there are any critical periods when informal care has a long-lasting effect.
Hong Kong has a recently developed, post-industrial service-based economy with a gross domestic product per head and social infrastructure comparable with Western Europe or North America. In Hong Kong, the labour participation rate for women aged 25-34 years increased from 47.8% to 78.7% over the past three decades. 15, 16 Parents generally rely on informal child care provided by extended family or domestic helpers. 17 Childhood obesity is less clearly socially patterned than in Western settings. 18 Here, we took advantage of a large, contemporary, populationrepresentative Hong Kong Chinese birth cohort 'Children of 1997' to examine the association of child care at different ages with body mass index (BMI) and the presence of overweight (including obesity) at $11 years. We also examined whether associations varied with sex or family SEP.
Methods

Source of data
The Hong Kong 'Children of 1997' birth cohort is a population-representative Chinese birth cohort (n ¼ 8327) covering 88.0% of all births from 1 April 1997 to 31 May 1997. It has been described in detail elsewhere. 19 The study was initially established to investigate the effect of second-hand smoke exposure on infant health. 20 Families were recruited at the first post-natal visit to any of the 49 Maternal and Child Health Centres (MCHCs) in Hong Kong, 20 which parents of all newborns are encouraged to attend for free postnatal care, developmental checks and vaccinations until the child reaches 5 years. Baseline characteristics obtained at recruitment included SEP, birth characteristics, infant feeding and second-hand smoke exposure, using a selfadministered questionnaire in Chinese. Follow-up at regular 'well-baby' visits to the MCHCs was continued until 18 months post-natally. In 2005, the birth cohort was resurrected and information enabling record linkage to routinely collected data was obtained. Lifetime routine height and weight measurements taken by the Department of Health at 'well-baby' or 'well-child' visits, public hospital discharges from the Hospital Authority and deaths from the Death Registry have since been retrieved.
In early 2007, a programme was instituted to re-establish direct contact with the birth cohort families. It included repeated mailings to their last known addresses and schools, telephone calls and general publicity about the cohort including a press conference and a television programme. A postal survey (Survey I) was sent in July 2008, then re-sent a second and third time as necessary to non-respondents over the following 9 months. The survey, in Chinese (or English if requested), included questions on food frequency, activities, developmental progress and family and medical history. With each wave of data collection, any missing baseline data were updated and any discrepancies between waves reconciled.
As shown in Figure 1 Exposure Our primary exposures were child care at 6 months and at 3, 5 and 11 years, obtained from this question in Survey I: 'Who was your child's main caregiver at the following different ages: 6 months, 3 years, 5 years and now?' Our participants were $11 years old when Survey I was conducted. Responses were categorized as parental care or informal care, with the latter including care by grandparents, other family members or domestic helpers. The small number (n ¼ 14) reporting formal care in a nursery or crèche was excluded. Those reported to have more than one main caregiver were also categorized as 'informal care' making parental and informal care mutually exclusive in this study.
Outcome
The primary outcome was adiposity at $11 years proxied by age and sex-specific BMI z-score relative to the 2007 World Health Organization (WHO) growth standard. 22 To facilitate comparison with other studies, we also defined childhood overweight (including obesity) as a BMI for age and sex corresponding to an adult BMI525 kg/m 2 using the International Obesity Task Force (IOTF) cut-offs. 23 Due to the relatively small number of obese children (n ¼ 333; 4.9%), overweight here included those who were obese. Not all height and weight measurements were at exactly 11 years of age, so we used the closest measurement between 9 and 12 years. We interpolated the WHO references and the IOTF cut-offs on a daily scale using the 'akima' package 24, 25 in R (R Development Core Team, Vienna, Austria version 2.11.1). 26 Among the 7933 cohort members alive, living in Hong Kong and not withdrawn, 6782 children had a BMI measurement at $11 years of age, excluding children with formal child care. Of these, 52.5% had missing data for child care and 24.4% had missing data for mother's birthplace, birth weight, highest parental education, highest parental occupation or household income. Multiple imputation is the gold standard in this situation, because the assumptions required for validity of a complete case analysis are a superset of those required for multiple imputation. 27 We predicted missing values of these exposures and confounders based on a flexible additive regression model with predictive mean matching 28 incorporating data on the primary outcome (BMI z-score and overweight status at $11 years of age), 29 exposures (child care at 6 months and at 3, 5 and 11 years) and other factors potentially associated with child care (sex, birth order, gestational age and sex-specific birth weight z-score relative to the Hong Kong standard, 30 mother's age and birthplace, highest parental education, highest parental occupation, monthly household income per head and housing type). We imputed missing values 10 times using the 'Hmisc' package in R 31 and analysed the 10 complete data sets separately. We summarized the results into single estimated b-coefficients with confidence intervals (CIs) adjusted for missing data uncertainty. 27 We also performed a complete case analysis for comparison.
Statistical analysis
We used multivariable linear and logistic regression models to estimate the association of child care with BMI z-score and the presence of overweight (including obesity) at $11 years of age, adjusted for sex, mother's birthplace (Hong Kong born or not), birth weight z-score, highest parental education, highest parental occupation, monthly household income per head and the interaction of mother's birthplace and highest parental education.
18,32,33 Following Mishra et al., 34 we compared models representing child care in terms of a critical period (i.e. exposure at 6 months or at 3, 5 or 11 years) or an accumulation of exposures (number of exposures to informal care). Preliminary analysis suggested that child care at older ages had most influence. We also assessed whether there was any additional contribution of child care at earlier ages than that of current child care, by adding exposures at previous ages sequentially. We used model fit Akaike Information Criterion (AIC) to compare these different representations of child care. 28 A lower AIC indicates a better fitting model. We assessed whether the association of child care with the outcomes varied with sex or markers of SEP, (i.e. highest parental education, occupation or household income) from the heterogeneity across strata and the significance of interaction terms. We compared the statistical significance of the likelihood ratio test of the difference between models with and without interaction terms between child care and sex, highest parental education, occupation or income. Interaction terms with other relevant confounders were also included to ensure that any observed difference by sex or SEP was not due to confounding by other interactions with child care. 35 We used residual plots and Hosmer-Lemeshow-Cressie tests 36 to check the goodness-of-fit of linear and logistic regression models, respectively. Cohen effect sizes have three levels: 0.1 for small, 0.3 for medium and 0.5 for large. 21 Cohen effect sizes are calculated aš (AE(p 0i Àp 1i )
Results
Informal child care was quite common at 6 months (49.6 %), 3 years (46.6%) and 5 years (40.9%) but less so at 11 years (23.9%). Table 2 shows the association of child care with socio-demographic characteristics before imputation using an available case analysis, i.e. pairwise deletion of observations with missing data. At younger ages, informal care was slightly more likely for boys than girls. At all ages, informal care was more likely for children with mothers born in Hong Kong. Highest parental education, occupation and monthly household income were all positively associated with informal care.
Residual plots for linear regression models showed no violation of normality (data not shown). For the logistic regression models, P-values from HosmerLemeshow-Cressie tests were all 40.8, suggesting no evidence of significant lack of fit. There was no indication that considered separately, the association of child care at each age with BMI or overweight (including obesity) varied with sex, highest parental education, occupation or household income (all P40.3). Table 3 shows that, considered separately, informal care at 3, 5 or 11 years was associated with higher BMI z-score and with the presence of overweight (including obesity) at $11 years. The associations were similar when informal care was separated into grandparents, other family members or domestic helpers (Supplementary Table S1 available at IJE online). Table 4 shows that considering child care at 5 and 11 years only produced the best fitting model for both BMI z-score and the presence of overweight (including obesity). This was better than additionally including child care at younger ages, or than considering child care as an accumulation of exposures to informal care. The associations for informal childcare as an accumulation of exposures are shown in Supplementary Table S2 available at IJE online. Table 5 shows how child care jointly at 5 and 11 years contributed to BMI z-score and overweight Adjusted for sex, mother's birthplace, birth weight z-score, highest parental education, highest parental occupation, monthly household income per head and the interaction of mother's birthplace and highest parental education. Tables S3 and S4 available at IJE online).
Discussion
In this large, population-representative birth cohort of Chinese children from a developed non-Western setting, informal child care (compared with parental care) at each of 3, 5 or 11 years considered separately was associated with higher BMI z-score and the presence of overweight (including obesity) at $11 years. Current informal care had the strongest association; however, informal child care at 5 years also made a contribution. Considering only child care at 5 and 11 years produced the most parsimonious model and was preferable to considering the accumulation of exposures to informal child care at all four ages. As such, our findings are largely consistent with those from Western populations, 2-5 although we did not find different associations by family SEP, which was only found in one previous study. However, that study did not explicitly test for differences by SEP, 5 therefore those findings may simply be the chance variation which would be expected on stratification. Our study extends previous studies by showing that the association between child care and childhood BMI occurs at older ages. Our study also adds by replicating these findings in a setting where informal care is common and SEP has different associations with child care and childhood obesity from those in Western countries. 18 The consistency of results in Western and non-Western contexts suggests that these findings may be due to attributes of informal child care rather than residual confounding.
There are several limitations in our study. First, BMI at 9-12 years of age might have been assessed before Survey I, which was first sent in July 2008, when our cohort members were aged $11 years. However, informal child care at earlier ages (3 or 5 years) was also prospectively associated with higher BMI z-score and the presence of overweight (including obesity). Second, information on child care was based on parental recall and could be subject to recall error. However, there is no reason to think that parents' answers depended on their child's BMI. Third, we do not have information on child care duration during the day, so those who reported more than one main caregiver were classified as informal care. However, there were relatively few in this category (<10%) and excluding these children did not change the overall pattern of results (data not shown). Misclassification of child care may bias any associations towards the null and make our results conservative. Fourth, we do not have complete information on child care. However, we used multiple imputation which uses all available data, preserves uncertainty for missing data, 37 minimizes inclusion bias and increases statistical power. 27 Moreover, a complete case analysis produced similar results. Fifth, Western studies showed inconsistent results for formal child care. 2, [5] [6] [7] However, in our setting, formal care is not as common as in Western countries. Formal child care services provided by nurseries take up only a small market share. Moreover, most families are concerned that there may not be adequate attention given to their children in a group care setting. 17 In our cohort, the low use of formal care (n ¼ 14) makes it impossible to evaluate its influence on obesity. Finally, we do not have detailed information on the children's diet and physical activity at each age. Caregivers may influence children's dietary style and physical activity. 38, 39 In a Japanese cohort, children with maternal care were less likely to snack and more likely to be physically active. 14 We were unable to compare these characteristic between parental care and informal care, so we were unable to determine which factors may underlie the observed associations.
There are several possible explanations for our findings. First, informal child care, particularly at 6 months of age may represent a different infant feeding pattern; for example, greater use of formula feeding, a shorter duration of breastfeeding or an earlier introduction of solid foods. However, in this birth cohort, there was no association between breastfeeding and childhood BMI, 40 nor in this study was there any association between child care at 6 months and adiposity at 11 years of age. Second, it is possible that parents may be more aware of health recommendations than grandparents or domestic helpers. Neither grandparents nor domestic helpers in Hong Kong are usually trained in child care. Grandparents and domestic helpers may also be less exposed to health advice if parents take the child for routine 'well-baby' and 'well-child' visits when health advice may be given. Moreover, domestic helpers in Hong Kong are usually from South East Asia and may not be able to read information leaflets in Chinese. Third, parents may also be more likely to adhere to health recommendations on child rearing. An older generation may have experienced poverty and so may consider fatness a symbol of wealth 41 and health 42 possibly resulting in overfeeding of their grandchildren. Similarly domestic helpers come to Hong Kong from other parts of South East Asia, to earn remittance money, and may also have grown up in relative poverty. If overfeeding was an issue we might have expected informal child care to be more strongly associated with adiposity in boys given the traditional Asian cultural preference for boys. However, we did not find any evidence of differences by sex. Fourth, parents may put more effort into controlling the child's lifestyle, for example, by supervising the child's eating or encouraging physical activity. In contrast, grandparents may put more emphasis on playing with the child. 17 Grandparents may also be more likely to spoil the child by giving energy-dense favourite foods as rewards or by allowing large amounts of video games and television viewing. 4 In Hong Kong, domestic helpers are usually hired for housework as well as child care, so they may not be able to spend much time and effort on the child nor be able to play a parental role in child care according to working mothers' views from semi-structured interviews. 17 Fifth, children may mimic the caregiver's behaviour. 38 Grandparents and domestic helpers may have different patterns of physical activity from parents 4 and may discourage the child's physical activity.
14 From a public health perspective, this study suggests that grandparents or others providing child care may be a potential target for education and intervention to counter the emerging epidemic of childhood obesity. Further research delineating the knowledge of child care of informal caregivers, their attitudes concerning child health, their child care practices and their own behaviour may help in designing effective interventions.
Conclusion
In this population-representative Chinese birth cohort, informal child care, rather than parental care, at both 5 and 11 years was associated with higher BMI z-score and the presence of overweight (including obesity) at $11 years. Our study contributes evidence of a prospective influence of informal child care on childhood obesity in a different socio-historical context in Asia. Future research is needed to understand better the characteristics of different types of child care, so that effective, targeted interventions can be developed to reduce the increasing prevalence of childhood obesity.
